Objective: We studied the relation of early-life (mean age 25 years) and mid-life (mean age 50 years) cognitive function to early measures of hostile attitudes and effortful coping.
of personality traits with midlife cognitive function, when cognitive decline likely begins, is lacking. 12 We used data from the Coronary Artery Risk Development in Young Adults (CARDIA) study, a large, prospective population-based cohort of black and white men and women followed since [1985] [1986] to test the hypothesis that high levels of hostility and effortful coping in early adult life (age , 30 years) would be associated with lower cognitive function in early life and midlife, independent of cardiovascular risk and psychosocial circumstances.
METHODS Study design, setting, and participants.
CARDIA, described previously, 13 aims to study evolution of cardiovascular risk factors and disease in young adults aged 18-30 years at baseline. Briefly, participants sampled (n 5 5,115) within balanced strata of age (18-24 years and 25-30 years), race (black and white), and education (high school graduation) were recruited in 1985-1986 in 4 US centers (Birmingham, Alabama; Minneapolis, Minnesota; Chicago, Illinois; and Oakland, California). The cohort has been re-examined at years 2, 5, 7, 10, 15, 20, and 25, with response rates among survivors of 91%, 86%, 81%, 79%, 74%, 72%, and 72%, respectively.
Standard protocol approvals, registrations, and patient consents. Institutional review board approval was obtained for all examinations from all participating sites and all participants signed informed consent.
Cognitive assessment. We assessed cognition at the 8th examination (2010-2011) with 3 tests typically used in studies of community-dwelling participants without dementia and that have good distributions in this age group (for instance, no ceiling effect): the Rey Auditory Verbal Learning Test (RAVLT), which assesses verbal memory and retrieval ability 14 ; the Digit Symbol Substitution Test (DSST), for psychomotor speed, attention, and working memory 15 ; and the modified Stroop Test 16 interference score for executive function (reversed so that higher score indicated better performance). We computed composite cognitive score by adding sex-specific standardized Z scores (individual value of x 2 mean of x/SD of x) of the 3 cognitive measures (additional information can be found in the supplementary material on the Neurology ® Web site at Neurology.org).
In addition, we made use of a performance test at year 2 (average age 27.1 years, SD 3.6) using the mirror-tracing star test. Participants were asked to draw star diagrams within narrow boundary lines while looking at their hand only as a reflection in a mirror cardboard blocking their direct view (figure e-1). This task encompasses a broad array of cognitive domains including working memory, attention, psychomotor speed, concentration, and executive function, and has been used in studies of people with cognitive impairments. 17 Psychological characteristics. The Cook-Medley scale and John Henryism Scale for Active Coping (JHAC12) were administered at baseline in all participants (year 0, 1985) to measure hostility and effortful coping, respectively, which were previously reported to be associated with cardiovascular outcomes in the CARDIA study, 18 are related to stress responses, 19, 20 and have been used in population-based studies. 21 The Hostility scale (range 0-50) measures hostile and suspicious attitudes toward others. 22 The JHAC12 scale (range 12-60) measures coping in an effortful manner with chronic and persistent stressors, with high scores representing more effortful coping. 23 Additional information on the 2 scales is available in the supplementary material.
Covariates. We considered potential confounders a priori, based on previous studies. 24 Age, sex, and race were recorded and verified at each follow-up. At the 25-year examination, participants reported their highest educational achievement (from grade 1 to 20), smoking habits (previous, current, never), and alcohol consumption (mL/d). We calculated cumulative exposure to cardiovascular risk in adulthood by combining 25-year exposure information on excess body weight, diabetes, and hypertension into a score (range 0-22) described in detail in the supplementary material.
We measured depressive symptoms at the 5-, 10-, 15-, 20-, and 25-year examination with the Center for Epidemiologic Studies Depression scale (CES-D), a 20-item questionnaire that yields scores from 0 to 60. 25 We computed cumulative exposure to depression by categorizing at the standard cutpoint of 16 for CES-D scale (yes 5 1, no 5 0) at each of the 5 follow-ups up to year 20 (score range 0-5). 26 We used a validated instrument at years 7, 15, and 25 to inquire about discrimination (being prevented from doing something, hassled, or made to feel inferior) based on sex, race, or socioeconomic status in the following contexts: school, work, home, in public, applying for a job, medical care, the police, or in courts. 27 We added up the summary score at each examination (0 5 no discrimination, 3 5 all types of discrimination in at least one of the above contexts) to obtain a measure of cumulative exposure to discrimination (score range 0-9). Finally, we computed a negative life events score (score range 20-35) combining Depression score c 0.5 (0.9) 0.6 (1.1) (1987) (1988) was measured with the mirror-tracing star tracing task, asking participants to draw star diagrams within narrow boundary lines while looking at their hand only as a reflection in a mirror; the score is the total number of stars completed in 3 minutes. answers at years 0 and 2 to 20 questions (no 5 1; yes 5 2) about unequivocal negative life events from the Psychiatric Epidemiology Rating Interview Life Events Scale, including conviction, arrest and imprisonment, job loss, divorce, major injury or illness, and assault, attack, or robbery. 28 Analytic sample. Of the 5,115 participants recruited at study inception in 1985, 273 had died before 2010, 91% participated in the year 2 (1987) examination, and 72% at year 25 (2010-2011), when 3,499 were re-assessed. Of these, 95% (n 5 3,319) had complete data for all 3 cognitive outcomes and 92% (n 5 3,205) also had data for hostility and effortful coping at baseline. All analyses were carried out in the 3,126 participants with data for all covariates (89% of the sample at year 25) ( figure 1 ). Compared to those included in this study (n 5 3,126), those who were not re-assessed at year 25 (n 5 1,616) did not differ in age (p 5 0.12) or sex distribution (p 5 0.13), but had on average 1 year less of education (p 5 0.001), were more likely to be black and to smoke (p , 0.001), and had higher baseline hostility (p , 0.001) and effortful coping (p 5 0.01) scores. Cognitive function did not differ in those without complete data (n 5 193) compared to the analytic sample (p 5 0.22).
Statistical analysis. Both Cook-Medley and John Henryism
scores had skewed distributions and were separately categorized into sex-and race-specific quartiles. We used analysis of variance and x 2 tests to compare sample characteristics across quartiles, and Spearman rank order correlations at p , 0.05 significance level to estimate correlations between hostility and effortful coping, and the 3 cognitive test scores. We used multivariable linear regressions to assess the association of midlife (year 25) cognitive function to quartiles of psychological characteristics, with the lowest (best) category as referent. Models were adjusted for age, race, and sex (model 1), and progressively for education and depressive symptoms (CES-D score) measured at year 25 concurrently with the cognitive tests to account for their potential effects on cognitive test performance (model 2). Further adjustment was made for lifelong scores of depressive symptomatology and discrimination (model 3), and for negative life events (at years 0 and 2), smoking habit, alcohol consumption (at year 25), and lifelong scores of cardiovascular risk factors (CVRF) (model 4). We added sex and race interaction terms to models to formally test possible interactions in the associations of hostility and effortful coping with cognitive function (at 0.10 significant level); based on previous evidence, 23 we also tested whether the effect of hostility and effortful coping was modified by low education (i.e., less than 12 years) or high discrimination.
To provide further insights into the prospective associations of psychological characteristics with cognitive ability in midlife, we also assessed the relationship between psychological characteristics and mirror-tracing star scores in early adulthood, and subsequently re-ran our main regression models also controlling for this measure of cognitive ability at baseline.
In additional analyses, we explored associations of psychological characteristics to the RAVLT, DSST, and Stroop Test separately, and applied inverse probability of attrition weights (IPCW) using relevant baseline data to explore the robustness of our main analysis to potential bias arising from differential attrition over the 25-year follow-up period. 29 We used STATA 12 (STATA Corp, College Station, TX) for all analyses.
RESULTS Participants were on average 25.1 years of age (3.6 SD) at baseline and 50.1 years of age (3.6 SD) at the year 25 examination when cognitive function was measured. White women had the highest (mean 5 1.4, 0.1 SD) and black men the lowest (mean 5 21.4, 0.1 SD) education-and ageadjusted cognitive score (p , 0.001).
Correlation was modest between hostility and effortful coping (r 5 0.14, p , 0.05), and greater among the 3 cognitive test scores (r . 0.40, p , 0.05). Overall, participants with higher hostility and higher effortful coping scores were slightly younger (p , 0.03), less educated (p , 0.01), more likely to report negative life events (p , 0.03), to consume more alcohol (p , 0.01), and to be smokers (p , 0.01) in midlife. Lifelong depressive symptomatology was higher in those in the highest hostility category (p , 0.001) and in the lowest effortful coping category (p , 0.01). Lifelong CVRF (p 5 0.04) and discrimination (p , 0.001) scores were higher in those who were more hostile at baseline, but did not differ by level of effortful coping (p . 0.20) (table 1) . Highest level of hostility at baseline was associated with lower cognitive function in midlife independent of demographic characteristics, educational level, and current depression (model 2), and were not confounded by lifelong depression and discrimination (model 3). After addition of negative life events factor, midlife smoking and alcohol habits, and lifelong exposures to CVRF (model 4), the difference in composite cognitive score between those with highest compared to lowest hostility level was attenuated and only borderline statistically significant: 20.18 SD units (95% confidence interval [CI] 20.37 to 0.01) (table 2) .
The association between higher effortful coping and lower cognitive function was significant in all models including the fully adjusted one (table 2) : the composite cognitive score was 0.30 SD units lower (95% CI 20.48 to 20.12) for those in the highest compared to those in the lowest quartile of effortful coping. In addition, although cognitive score was 0.12 SD units higher (95% CI 20.06 to 0.30) in the third compared to the first quartile of effortful coping (model 1), this association was largely attenuated after adjustment ( figure 2 and table 2 ). In the fully adjusted models, sustained depressive symptoms and exposure to CVRF in adult life (and cognitive ability in young adulthood, below) were all highly significant in our models of both hostility and effortful coping (all p values , 0.001).
The associations of psychological characteristics with cognitive function were not modified by sex, race (all interaction terms p values . 0.20), education (p . 0.13), or discrimination (p . 0.50).
In models adjusted for sex, race, education (years), and age (years) at the time of cognitive assessment, those in the highest compared to those in the lowest quartile of hostility had a lower cognitive score at baseline (20.14 SD units; 95% CI 20.24 to 20.04), and this difference in cognitive function accrued markedly in midlife (20.36 SD units; 95% CI 20.54 to 20.18) (figure 2). Effortful coping was not associated with cognitive ability at baseline (all p values across quartiles .0.25) (figure 2). When we further adjusted for baseline cognitive ability, the associations with cognitive function in midlife were attenuated for hostility and nearly identical for effortful coping (table e-1) when compared to the main models (table 2). Figure 3 shows how psychological characteristics related to RAVLT, DSST, and Stroop Test scores. On average, those in the fourth compared to those in the first quartile of hostility and effortful coping, respectively, recalled 0.16 and 0.30 fewer words (i.e., RAVLT) (p , 0.05), substituted correctly 1.88 and 2.33 fewer symbols (i.e., DSST) (p , 0.05), and had 0.57 and 0.38 higher interference score (i.e., Stroop Test) (p , 0.07), respectively. All these effect sizes were markedly greater than those per 1-year increase in age in the same sample, which were 20.02 (95% CI 20.04 to 0.00), 20.50 (95% CI 20.55 to 20.45), and 0.20 (95% CI 0.10-0.29) for RAVLT, DSST, and Stroop Test score, respectively. Finally, results were only very slightly attenuated in our sensitivity analysis using marginal structural models weighted for IPCW (table e-2).
DISCUSSION In this cohort of white and black men and women followed from young adulthood to midlife, those with highest propensity to engage and persist in effortful coping behaviors with life circumstances at year 0 had lower performance on cognitive tests more than 25 years later, independent of sociodemographic characteristics, negative life events, and cumulative exposure to cardiovascular risk factors, depressive symptomatology, discrimination, and cognitive ability at baseline. The same association between higher baseline hostility and lower cognitive function in midlife was attenuated by exposure to cardiovascular risk factors. Associations with cognitive function accrued from young adulthood to midlife, were not modified by sex, race, educational level, or a measure of discrimination, and were robust to a number of alternative models specifications.
Evidence from population-based studies on the associations of psychological characteristics and personality traits with cognitive impairment, 6, 30 Alzheimer disease (AD), 1, [31] [32] [33] and dementia-related neuropathology 1, 9, 34 remains inconsistent. Higher hostility, which may increase the risk of cognitive impairment through altered stress responses, 2 has been reported to be associated with worse cognitive performance in both black and white samples, 3 and with markers of neuronal damage, 34 but not with global cognitive function or higher risk of AD. 7 As outlined earlier, previous studies have typically ascertained hostility in old age, when reverse causality cannot be excluded; age-related subjective memory impairment and mild cognitive impairment have been related to personality changes including higher aggression/hostility. 35 Our results extend evidence to midlife, and suggest that sustained depressive symptoms, exposure to CVRF in adult life, and cognitive ability in young adulthood may only in part explain this association.
We found an independent prospective association between high levels of effortful coping with stressors/ negative life events and lower cognitive function in midlife. Effortful coping may increase risk of hypertension, 36 which, in turn, is associated with cognitive impairment. 37 However, adjustment for the vascular risk profile (including cumulative hypertension), and for cognitive ability at baseline, made little difference so there may be a direct effect. The individual propensity to cope actively in response to difficult life situations despite repeated barriers to success may result in persistent physiologic adaptation to physical and psychological stressors, which is also referred to as allostatic load. 5 Studies suggest allostatic load may affect the hippocampus, a region implicated in stress response regulation, cognitive functions including memory, and depression. 38 Low hostility level was linearly associated with higher cognitive functioning scores in midlife. Interestingly, compared to those with low level (first quartile) of effortful coping, those with moderate effortful coping level (third quartile) had higher midlife cognitive function (figure 2), performing particularly better on the RAVLT (memory) and Stroop interference (executive functioning) tests ( figure 3 ). However, this positive association was progressively attenuated through adjustment for health and socioeducational characteristics (table 2) . This seems plausible because moderate effortful coping can improve the response to challenges and demanding situations, which may be associated with healthier lifestyles and higher educational and professional achievements that in turn would benefit cognition. The observed associations of cognitive test scores with hostility and effortful coping were comparable to (or greater than) those previously reported in the CARDIA Study with respect to cardiovascular health, 39 and are similar to the scale of age-related cognitive decline over more than a decade in midlife observed in other cohorts. 12 Therefore, the clinical implications of the observed effect sizes may be relevant. Moreover, we explored associations between psychological characteristics and baseline cognitive ability using an indicator (i.e., mirror star tracing test) unlikely prone to ceiling effects due to young age and that encompasses a broad range of cognitive functions comparable to those assessed in midlife. 17 This measure of cognitive ability at baseline was also used in our sensitivity analysis to explore potential issues related to directionality (below).
Some limitations of our study are worth noting. We focused on midlife cognitive function and on characteristics measured in young adulthood and some standard measures of personality, including the NEO Personality Inventory, were not available. 10 Although comparisons with previous studies conducted in older adults are difficult, our results are not age-or disease-confounded and both hostility and effortful coping have been studied in relation to stress response dysregulation in samples other than CARDIA. 19, 20 However, their validation as proxies of biological measures of stress response (i.e., cortisol or inflammation) could not be considered. Different from previous studies, 32 we did control for reported negative life events, CVRF, and psychosocial factors (including depressive symptoms) measured over time, but residual confounding cannot be excluded. Despite the exceptionally long follow-up between baseline and cognitive assessment in midlife it should be acknowledged that directionality cannot be determined with one measurement of cognitive status. However, associations between psychological characteristics and midlife cognitive function were resistant to adjustment for an indicator of baseline cognitive ability, which could approximate to a model of cognitive change not prone to practice effects. 40 Finally, those included in our analyses had lower level of both hostility and effortful coping compared to those who were excluded, which may have led to an underestimation of the true effect in our analysis. However, our results were robust to models that accounted for potential selective participant loss.
We have reported on the prospective association of hostile attitudes and effortful coping measured in young adulthood with cognitive function in midlife, a critical period for primary prevention of cognitive impairment. 12 Because each may be modified by interventions that promote positive social interactions, 8 they warrant further investigation in prevention studies.
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